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MF'l HOD AND SYSTEM FOR ADVANCED 
^rS? APPUCATiON SERVERS 
PROCESSINC; TIME-CRrilCAL REQUESIS 

BACKGROUND OF THE INVENTION 
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applicalioii rcqucsls. 
Itvnic U h^^ processing environment cons.sung ot an 
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case ol an n-uer hmwser wou d be 

services can be correlated. processing of 

Application servers, .n general, rm 5' j^,,,, 



ll any one of the involved soliwarv components la Is Jl 
collenis must be brought back to .he state when .Ik 
■aiU a- 01- <he one or more componen.s cK:curred so .ha 
:l^Jng can continue. The process ^ 

poneni ai ihe time ol lailure. 
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resource manager with the longest restart lime plus the 
restart time of the application server itself. 

Typically, the restart time is obtained by running simula- 
tions with the application server. Since simulation never 
matches real-life situations, the estimated restart time is only 
an approximate value. 

Taking checkpoints is not only a time-consuming opera- 
tion, it also slows down prwessing of requests as the 
resource manager must dedicate processing and I/O 
resources for taking the checkpoint. Since there is no cor- 
relation between the processing of the application server and 
the frequency of checkpoint taking by the involved resource 
managers, checkpoints may be taken, even if not required. 

BRIEF SUMMARY OF THE INVENTION 



It is therefore an aspect of the present hivenlion to provide 
a method and a .system which guarantee that in the case of 
a failure of the environment, such as a crash of one or more 
of the resource managers, the request processing lime of the 20 
application. server does not exceed a pre-specilied. in par- 
ticular a user-delined. request processing lime. 

It is another aspect of the present invention to provide 
such a method and a system which enable an application 
server that processes time-critical requests to guarantee that 25 
a user-specitied request processing time is not exceeded, 
even if any of the resource managers needed to satisfy the 
requests terminates abnormally. 

It is yet another aspect of the present invention to provide 
such a method and a system which minimize the number of 30 
checkpoints being laken by the resource managers involved 
in running the application server transactions. 

The prior art problems are solved by the method accord- 
ing to the invention by having the resource managers taking 
checkpoints in a frequency that guarantees that the restart of 35 
the application server, including the restart of the resource 
managers and including the processing time of the request, 
does not exceed the specified request processing time. Even 
in the case of failure of any of the involved resource 
managers, it is achieved that the time it takes to have the 40 
requests processed again is shorter than a specihed request 
processing lime. Thus the proposed mechanism ensures that 
the resource managers lake checkpoints in such a frequency 
that the time it lakes to have ihe application server process- 
ing requests again is shorter than the specified request 4.s 
processing lime. 

The concept underlying the invention is based on the 
ob.servaiion that the frequency with which checkpoint 
records are laken determines the amount of processing that 
is required to restart a failing component after a failure. 

The method according to the invention preferably speci- 
fies two mechanisms of controlling when a checkpoint needs 
to be written, one being a load -con trolled mechanism and 
the other beinc a re.slart-iime-controlied mechanism. 



information, requests the taking of checkpoints from the 
resource managers so that the specilied request processing 
time could even be met in the ca.se of a failure of one or more 
' resource managers. The load-controlled method is based on 
the assumptii>n that the resource managers provide the 
capability for calling applications to request the taking of 
checkpoints. 

In the restart-time-controiled method, the resource man- 
ager provides the capability for the specification of a restart 
10 lirne. This allows the application server to determine from 
the user specified request processing time the appropriate 
restart time for each of the involved resource managers. This 
information is handed over to the resource manager when 
the application server connects to the resource manager the 
15 first lime or when the user specified request processing time 
is changed. 

Thereupon, a further advantage of the proposed mecha- 
nism is that checkpoints have only to be taken if necessary, 
resulting in an improved throughput of Ihe application 
server. 



BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The invention will now be described in the following in 
more detail by way of embodiments whereby reference is 
made to the accompanying drawings. In the drawings, 

FIG. 1 is a schematic block diagram depicting an appli- 
cation server according to the prior art where the present 
invention can be applied; 

FIG. 2 is a schemalic block diagram depicting the internal 
structure and transaction boundaries of a message-based 
application server where the present invention can be 
applied; 

FIG. 3 is a How diagram illustrating the user controlled 
resource manager checkpoint controlling mechanism 
according to the present invention; 

FIG. 4 is a How diagram illustrating detailed method steps 
of the load-controlled checkpoint mechanism according to 
the present invention; and 

FiG. 5 shows exemplary actions performed by an appli- 
cation server where a resource manager supports a uscr- 
delined restart time. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Description of the Preferred Embodiments 

FIG. 1 shows the typical structure of an application server. 
A number of applications request services from ihe appli- 
cation server via application clients. Application server lOO 
implements a collection of services which are requested 
In both cases, specilication of the request processing time 55 from applications 110, 112, and 114 via application clients 
may either be hard coded in the application server or 120, 122, and 124. Applications 110. 112. and 114, appli- 
provided to the application server as a parameter. As an cation server 100, and application clients 120. 122. and 124 
additional option, the application server may support chang- may be implemented by computer programs of any nature 
ing of the request processing time during operation, for not limited to any specific type or implementation. Appli- 
example. by oU'ering an appropriate application program- 60 cations 110, 112, and 114, application server 100, and 
ming interface, or some graphical/textual interface. application clients 120, 122. and 124 are only logical 

In Ihe load-controlled method, the application server structures. For example, application server 100 can be 
knows the amount ofdata that each resource manager writes application 110 itself that requests services from another 
into its log and ihe amount of time it takes the resource application server (not shown here) or even requests .services 
manager to process the log in the case of a restart. Thus, the 65 from itself. As application .server 100 is stateless, all infor- 
application server knows at any time the currently necessary mation that is needed between subsequent requests from 
restart time of each resource manager and, based on that applications 110, 112, and 114 are kept in data store 130. 
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Pir 7 consists o|- a particular implemcnlaiion of an 
200. which means (he 

diem 210 and aPPl'^-'^^^V^'I^ Z i s indcr tood hereby 
nous reliable message exchange Bm J^^^^ 
,auhe i"venuon 's no«^^ 

as — s: .he .ransacuon 
boundaries are indicued by dashed Imes. 



tZMot users, aliemativeiy. can spec.ly two or mor. 

rtes wherein the proposed mec« ujk- 
minimum restart time lor generating ^'^^f i^^J^;, '^^^ 
..source manager processes next request ;^««: ^^^^^^^^^^ 
„,ines the current settings for user ^0^^'! -dj^^''^^ " 
This restart lime must not be exceeded ^"^^^^^^ 
Next, the resource -anager^det™- 



■rver processes requests as ua....a.. ^ manager delermmcs ine 

o.nda'es are indicued by ^.^^ ,^^,,,^00 .0 J'^.'Jecl ,or urem request 320 and the P^^--^ 
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H V,a md the new restart time is calculated 370. It 
T ;^t d fhat FrC 3 is lor illustration purpo.se only . 
S imp 1 m^ln's^^e most likely mon. sophisticate . 

ht lhe a, ..owing, two dillerent embodiments ol the mven- 
lion arc described in more detail. 
Load-Controlled Checkpoiming 

U is hereby assumed that resource managers provide the 

'TSriessine of a request and generating a response invocation of the request via an application pro, 
multiple resource managers are mvolv.^^^^ transaction 

diflerent, resource '^f^^^l^'Z^, .managed by a 



server 

,e request Trans- 
S when the request has l^n s— 

into application server mpul queue 280. the requc 
application 220 w»l be J"""^'^- , ,uhin trans- 

Application server 200 P'^^^;'^l'.'^7-„_,.,j.,i^,n consists 
action 240. labeled Transaction 2. The 
dreading the request from input qt. 28J^^ « 



rSoiSlE^S^^v^an-appS:^;^^^^^ 
'in- U -kes to process^ ej^, uri r^^^^^^^ 



protocol. The individual resources ^^^"-^ apphcation ^ "keVto process the log during recovery. It .urine 
dillerent resource managers. P";^,,'^''"^^'" ' .^anaued by a .vs ' "1:^1 ^e user has specilied the maximum request 



server has stored this information internally, 
request response lime Jl^r;. ^^"'^Jx, ,he application 
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approachihc , h'fhc kpo frequency 

The load-controlled chec^^^^^^^^^^^^^ of >he logging 

applicauon server has a deep u ^^^^^^^^j ^^^^^^^^^ 

and resiar, operai.on ol each ; ^ ^j,, „,j,ing 

..managers. In P^"''^ '^f ^^S^e d whenever the resource 
and restart need to nc cnanj, 

manager is changed. throughput of the 

,n order to .ncrease l-;'~^^^„, embodiment, the 

application '^'^^^^f ^eep track of the restart i.me 

resource managers themselves kc , manager 

instead of the W*';;^.'"" -^^^^.^ins to set the restart 
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how a resource manager cou^d "^P'^^^^^^^^^ J^^r needs 
FIG. 5 shows the actions that W'"^ ^ser- 
,o take when the resource nuuutg r i^^l^^.^^^ ,,,,,, 
delined restart !'\Su.m\rMu;srresponse time, 

obtains user spec.l.ed ^ ,i„ie. The applica- 
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lion server then ^'''''Z '^^,fC s\iS calculates the 
loop) lor all resource '"""^8^^ ^^J, manager Irom the 
appropriate restart ^"^^on:,*'^, ^ "ran 
speeif.ed request r^'^P""*'^ J7^,iart time of the resource 
request response iniic to in ^ ^^^j^j^nal processmg 
manager is necessary ^"P^ 7'",;,^ server itselt. In 
needs, such as the start up ° this restart time 
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application server U sh- J^^^^ ^^m^on. are most .-snonse time deh 

illustration purpose only, actual i 
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have been illustrated '"." ^ description, it will be 
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understood that the tnvent^n .s no I m.t 
embodiments described he ur^- but P ^i.hout 
rearrangements. "^"'" ^f"" he invention. The following 
Sfa^ernSiVtorompass all such modifications. 
What is claimed is: ,.„niroHin!> restart processing 
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maximum request "-esponse- time. .^.^^ 
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processing further activities assoeiatea w 

maximum request response lime 
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